The effect of individual amino acids added to a cholesterol containing casein diet on the plasma cholesterol level of rats was systematically investigated with objective of confirming the possibility that specific amino acids are responsible for the regulation of plasma choles terol level by dietary proteins. Half the amino acids tested were effective to some degree in influencing the plasma cholesterol level when amino acids were added singly to the diet at a 5% level . However, only sulfur containing amino acids had significant effects when added to the diet at a 100 level; Met enhanced and Cys reduced the plasma cholesterol level . In addition, the results of an experiment with amino acid mixture diets with different Met, Cys, and/or Gly contents indicated the importance of sulfur amino acids and also of Gly in plasma cholesterol regulation . The results obtained here support the notion that the plasma cholesterol level of rats can be influenced by specific amino acids or amino acid compositions of dietary proteins, at least under the experimental conditions used.
RESULTS

Effect of individual amino acids at a 5% level (experiment 1)
The results are summarized in Table 1 . The growth and food consumption of animals were influenced by the dietary addition of several amino acids. Seven animals fed on a Cys diet all died within one week. Feeding a Met diet caused a loss of initial body weight and severe depression of food intake. Growth was also slightly retarded by Val, Thr, Lys, His, and Trp, and these amino acids depressed food intake as well. The liver weight was markedly enlarged by a His diet.
The plasma total cholesterol level was significantly influenced by certain amino acids. The dietary addition of Arg, His, and Trp enhanced the plasma cholesterol level, whereas the addition of Gly, Ala, Leu, Thr, Met, and Lys reduced plasma cholesterol by varying degrees. The plasma triglyceride level was lower in rats fed on a Met diet and higher in rats fed on a His diet. The contents of cholesterol and total lipids in the liver were markedly lower in rats fed on Met and His diets.
Effect of certain amino acids at a 100 level (experiment 2)
The effect of dietary addition of amino acids at a 1% level on plasma cholesterol level was investigated with those amino acids which had shown effects at a 5% level. The results are summarized in Table 2 . The addition of Met depressed body weight gain and food intake by 31% and 19%, respectively. The addition of Cys slightly depressed food intake. The other amino acids had no significant effect on growth and food intake, and there was no difference in the relative weight of the liver.
The plasma total cholesterol level was significantly influenced only by Met and Cys in an opposing manner; Met increased the plasma cholesterol level while Cys decreased it. The plasma triglyceride level was lower in rats fed on a Met diet and higher in rats fed on a Trp diet. The contents of cholesterol and total lipids in the liver were significantly lower in rats fed on Met and Cys diets.
Effect of amino acid mixture diets with different amino acid compositions (experiment 3)
The differential effect of Met and Cys on the plasma cholesterol level obtained in experiment 2 was further investigated with amino acid mixture diets with O, and K. MURAMATSU Table 1 . Effects of individual amino acids added at a 5% level to cholesterol containing casein diet on growth food intake, liver weight, and plasma and liver lipid concentrations in rats experiment 1). OLESTEROL 627 different contents of Met and Cys. The interacting effect of sulfur amino acids and Gly was also examined. The amino acid mixtures were prepared according to the amino acid composition of casein as reported previously (31) except for sulfur amino acids and Gly; sulfur amino acids were introduced into diets at a sulfur level of 0.9% Met, and Gly was removed or added at a 1.8% level. The results are shown in Tables 3, 4 , and 5. There was no difference in growth and food intake among the groups. The plasma total cholesterol level was highest in rats fed on a diet devoid of Cys and Gly. When Cys was introduced into the diet at the level comprising 60% of the total sulfur amino acids, the plasma total cholesterol level was significantly decreased. The addition of Gly significantly reduced plasma total cholesterol as compared with the corresponding Gly-depleted groups. There was no significant difference in HDL-cholesterol levels. The plasma phospholipid level tended to change in a manner similar to that of plasma total cholesterol, but the plasma triglyceride level was slightly higher in rats with lower plasma total cholesterol levels. The content of cholesterol in the liver was slightly lower in rats fed on Cys containing diets. The concentration of liver Tau was higher in rats fed a diet containing only Met as a sulfur amino acid than in rats fed a diet containing Cys, but there was no significant difference in the amount of Tau excreted in the urine between the two groups. The concentration of liver Gly was higher in rats fed Gly containing diets.
DISCUSSION
Several distinct explanations have been reported for the mechanism by which dietary proteins exert their hyper and hypocholesterolemic effects depending on their origins. Recent reports have indicated a possibility that differences in the digestibility and property of digestion products of dietary proteins in the intestine may be related to the differential effect of proteins (32-34), but it is still not clear whether the intestinal tract is the main regulating site of cholesterol metabolism by dietary proteins or not. On the other hand, it is also possible to account for the differential effect of dietary proteins on the basis of their amino acid composition. Previously, we demonstrated that the effects of a diet containing an amino acid mixture simulating casein or wheat gluten could be largely modified by changing the dietary composition of specific amino acids such as Met, Cys and Gly in rats fed high-cholesterol diets (31, 35) . The present study showed that while half of the amino acids constituting dietary proteins had effects on plasma cholesterol level when added to diet at a high (5%) level, only sulfur amino acids had effects when added to the diet at a lower (1%) level, suggesting that the plasma cholesterol level can be most strongly influenced by sulfur amino acids, at least under the experimental conditions employed. Thus, the present study confirms our previous findings.
It has been reported that the dietary addition of sulfur amino acids at higher levels causes adverse effects in experimental animals (36, 37) . The addition of 5% Met resulted in severe deleterious effects on growth and food intake, with a concomitant decrease in plasma cholesterol level, but the addition at a lower level , on the contrary, increased the plasma cholesterol level. This discrepancy may be mainly due to extreme reduction of food intake at a 5% Met addition although the possibility that the effect of Met depends on its addition level cannot be excluded. It is known that the dietary addition of higher levels of Cys results in mortality (38) . In accordance with previous reports, the addition of 5% Cys resulted in 100% mortality of rats in one week. However, the addition of 1% Cys led to a decrease in the plasma cholesterol level without growth depression. Furthermore , although Met addition caused toxic effects to some extent even at a 1% level, our previous study (11) showed that the dietary addition of Met at a 0 .5% level also led to a enhancement of the plasma cholesterol level without growth depression. Thus, it is evident that while high levels of Met and Cys cause toxic effects, much lower levels of these amino acids can influence the plasma cholesterol level with no serious toxic effects.
The differential effect of Met and Cys as evidenced by the present and previous reports (11, 15) appears to be of great importance in terms of the elucidation of plasma cholesterol regulation by dietary protein. The milk casein employed in this study as a protein source is a unique protein in its amino acid composition; Met comprises most of the total sulfur amino acids included in the protein and therefore the Cys content is extremely low. Furthermore, the Gly content is relatively lower than those of many other plant and animal proteins. It seems reasonable to consider that these features of casein might be associated with the hypercholesterolemic effect of that protein. It is therefore likely that the supplementation of the casein diet with Met would strengthen the hypercholesterolemic nature of casein and that sup plementation with Cys, on the contrary, might counteract it. Although experiment 2 showed no significant effect of Gly when the addition level was low, the results obtained with amino acid mixture diets suggested an antihypercholesterolemic effect of Gly. Hence, the lower Gly content of casein also appears to contribute to some extent to the hypercholesterolemic efficacy of the protein in addition to the abnormal composition of sulfur amino acids. As pointed out previously (15) , the effect of dietary-supplemented Met should be understood in connection with the relative amount of Met to Gly since the dietary addition of Met did not enhance but rather decreased the plasma cholesterol level when sufficient Gly was concurrently added to the diet. A synergism of high Met content and low Gly content may occur in the hypercholesterolemic efficacy of casein. The detailed mechanism by which the differential effect of Met and Cys is elicited has not been fully elucidated, but some reports have suggested that the metabolism of the methyl group of Met is involved in such a difference (12, 19, 39) . The results of experiment 3 indicated that the difference in the metabolism of the sulfur atom of Met and Cys may not be the major cause of the differential effect of sulfur amino acids, because while the hepatic Tau level was significantly different between rats fed the diet containing Met alone and rats fed the diet containing both Met and Cys, this difference could not be related to the changes in plasma cholesterol level. Data on the urinary excretion of Tau also could not be related to the plasma cholesterol changes. Further studies on the relationship between plasma cholesterol regulation and the metabolism of the methyl group are needed.
